To test the in vivo anti-simian immunodeficiency virus (SIV) efficacy of interferon (IFN)-β-engineered lymphocytes, peripheral blood lymphocytes harvested from two uninfected macaques were transduced with a retroviral vector carrying a constitutively expressed IFN-β gene and reinfused, resulting in approximately 1 IFN-β-transduced cell out of 1000 circulating cells. The gene-modified cells were well tolerated and could be detected for at least 74 days without causing any apparent side effects. These two animals together with three untreated control macaques were then infected with SIVmac251. The two IFN-β-infused macaques are in good health, 478 days after infection, with a reduced plasma virus load and sustained numbers of CD4 M and CD8 M cells. Throughout the study, the proportion of IFN-β-transduced cells has been maintained. Of the three control macaques, two were characterized by a high plasma virus load and a decrease in CD4 M cells. One was moribund and was sacrificed 350 days after infection and the other now has fewer than 100 circulating CD4 M cells/ml. Unexpectedly, the third control macaque, which, like the two IFN-β-infused animals, had a low plasma virus load and a maintenance of CD4 M and CD8 M cell number, was characterized by a permanent level of serum IFN-β, of unknown origin, already present before SIV infection. Although no definite conclusion can be made in view of the limited number of animals, these data indicate that further exploration is warranted of an IFN-β-based anti-human immunodeficiency virus gene therapy.
Introduction
Although antiviral therapy with inhibitors of protease and reverse transcriptase is quite effective in suppressing the replication of human immunodeficiency virus (HIV), its combined use with immune-based strategies able to boost the immune system has been proposed to contribute to the longterm control of HIV infection (Piscitelli et al., 1996 ; Pantaleo, 1997) . Anti-HIV gene therapy strategies are currently based on the direct enhancement of the resistance of HIV target cells by intracellular immunization (Baltimore, 1988) , but could also be designed to improve immune responses. In this respect, interferon (IFN)-β is an attractive candidate : it is a natural antiviral protein that inhibits HIV at various stages of the virus cycle, from uptake to release of viral particles Baca-Regen et al., 1994 ; Kornbluth et al., 1990 ; Shirazi & Pitha, 1993 ; Coccia et al., 1994 ; Poli et al., 1989 ; Hansen et al., 1992) , and also displays immunomodulatory properties, which could be an important component in controlling HIV replication (Belardelli, 1995) .
For the reasons outlined above, a gene therapy strategy based on the constitutive expression of IFN-β is being developed . Transduction with a retroviral vector, resulting in a low and continuous expression of IFN-β, causes inhibition of HIV replication and increased cell survival of CD4 + cells in peripheral blood from HIV-infected donors (Vieillard et al., 1995 (Vieillard et al., , 1997 . In addition to its direct antiviral activity, IFN-β also contributes to the restoration of normal immune cell functions. Transduction of peripheral blood lymphocytes (PBL) from HIV-infected donors with our IFN-β construct increases IFN-γ and interleukin (IL)-12 production and brings IL-4, IL-6, IL-10 and TNF-α production back to normal levels. It also increases the cytotoxic responses of CD8 + cells against cells expressing HIV proteins and improves the proliferative response to recall antigens (Vieillard et al., 1997 ; Hadida et al., 1999) . These results in vitro have been confirmed in a Hu-PBL-SCID mouse model . Furthermore, anti-HIV resistance has been obtained in macrophages transduced with the IFN-β construct (Cremer et al., 2000) .
As a relevant in vivo model of anti-HIV IFN-β gene therapy, we have resorted to macaques infected with a pathogenic isolate of simian immunodeficiency virus (SIV), SIVmac251 (Matheux et al., 1999) . SIV is a non-human primate lentivirus that shares similar genomic organization and biological properties with HIV-1 and HIV-2 (Desrosiers, 1990) and causes a disease in macaques similar to HIV-induced AIDS in humans (Daniel et al., 1985) . We have previously described a retroviral vector in which the macaque (Ma) IFN-β coding sequence has been placed under the control of a 0n6 kb fragment of the murine H-2K b gene promoter (Matheux et al., 1999) . PBL obtained from seronegative animals transduced with this construct develop enhanced resistance to SIVmac251 in vitro. We therefore sought to determine whether IFN-β-transduced PBL could survive in vivo without inducing any side effects and exert anti-SIV activity in macaques.
Methods
Animals. Five male cynomolgus macaques (Macaca fascicularis), weighing 4n5-6 kg and negative for herpesvirus B, filovirus, simian Tlymphotropic virus-1, simian retrovirus-1 and -2, SIV and hepatitis B virus, were used in the study. Two individuals, J813 and J816, subsequently referred to as IFN1 and IFN2, were subjected to a single infusion of IFN-β-transduced lymphocytes. The three others, S62A, S73B and S72C, subsequently referred to as C1, C2 and C3, did not receive transduced lymphocytes and served as controls. Animals were housed in single cages in biosafety level 3 facilities and all experimental procedures were conducted according to the institutional guidelines for animal care (Journal officiel des CommunauteT s EuropeT ennes, L538, 18 December 1986).
IFN-β transduction of PBL.
Approximately 100 ml blood was collected in heparin-lithium dry tubes. Buffy coats were obtained by centrifugation (170 g for 15 min). White cells were collected and centrifuged (400 g for 30 min) over a Ficoll density gradient (Eurobio). Plasma and erythrocytes, diluted with an equal volume of PBS, were immediately readministered to the corresponding macaque. PBMC were activated at 10' cells per ml for 3 days in RPMI-1640, 20 % FCS, 2 mM -glutamine (Boehringer Mannheim), 0n2 µM antibiotics (penicillin\ streptomycin\neomycin ; PSN, Life Technologies) and 10 µg\ml concanavalin A (Sigma). After these 3 days, the activated PBL were transduced with the retroviral vector MFG-K b -MaIFN-β by a subsequent 3 day co-culture on ψ-CRIP packaging cells, as described previously (Matheux et al., 1999) . At the end of the co-culture, the different cell populations were transferred two or three times to other plates in order to eliminate by adherence any remaining packaging cells and nonadherent cells were infused into the respective animal. Transduction efficacy was estimated, as described hereafter, on PBL maintained in culture for 10 days.
In vivo follow-up of infused macaques. Both infused animals were followed for 21 days before cytapheresis, for 74 days after autologous infusion and for 478 days after SIV infection for weight, haematological analysis, presence of IFN-β-transduced lymphocytes and SIV infection parameters. Axillary lymph nodes were removed under ketamine anaesthesia and disrupted in PBS by using a Potter homogenizer. Peripheral blood was collected in heparin-lithium dry tubes. Mononuclear cells, from blood or lymph nodes, were isolated by standard Ficoll density gradient centrifugation. For each collection, an uninfused animal underwent identical procedures and served as a negative control for DNA extraction and PCR amplification.
SIV challenge. Seventy-four days after infusion, the two macaques that received IFN-β-transduced lymphocytes (IFN1, IFN2) and the three untreated control macaques (C1, C2, C3) were infected intravenously with 4 animal infectious doses (AID &! ) of a pathogenic SIVmac251 isolate (provided by A. M. Aubertin, Universite! Louis Pasteur, Strasbourg, France). In our hands, all but one of 62 inoculated monkeys became infected at this dose. All animals were then followed for at least 478 days after SIV inoculation.
Haematological follow-up. Haematological values and enumeration of blood cells (leukocytes, lymphocytes, polynuclear cells, monocytes, erythrocytes, haematocrit, haemoglobinaemia, platelets) were determined by using an Automat haemocytometer (Coulter Corporation). Estimates of absolute numbers of CD2 + , CD4 + and CD8 + cells in the circulation were obtained by using direct immunofluorescence assays (CD4-leu3a-PE and CD8-leu2a-FITC, Becton Dickinson ; CD2-MT910-PE, Dako) and flow cytometry (FACScan, Becton Dickinson) as described previously (Cheret et al., 1996) .
Cell sorting. Mononuclear cells were positively separated by using CD4-specific or CD8-specific immunomagnetic microbeads (MiniMACS, Miltenyi) according to the manufacturer's instructions. Subset purity was evaluated by using second anti-CD4 (OKT4-PE, Ortho-diagnostics) or anti-CD8 (DK25-FITC, Dako) antibodies and quantified by flow cytometry (FACScan).
Analysis of IFN-β-transduced cells.
The presence of IFN-β-transduced cells was evaluated, in duplicate or triplicate depending on the amount of sample, by semiquantitative PCR with 200 ng genomic DNA. The amount of DNA used for each sample was normalized after amplifying a fragment of the endogenous IFN-β gene (with 5h ATGACCAACAAGTGTCTCCT 3h as the sense primer and 5h ACA-GGCTAGGAGATCTTCA 3h as the antisense primer, delineating a 600 bp sequence) as a quantitative control. Detection of the H-2K bMaIFN-β transgene was performed by using 5h GTTCAGGCAAAG-TCTTAGTC 3h (k228 to k209) as the sense primer in the H-2K b gene promoter and 5h TGAAGATCTCCTAGCCTGT 3h (579 to 560) as the antisense primer in the Ma IFN-β coding sequence. Detection of any remaining murine packaging cells was performed by PCR with a murine α-globin primer set described by Erhart et al. (1987) . The PCR amplification products were identified by dot-blot hybridization with an IFN-β probe (Vieillard et al., 1995) and quantified by using a phosphorimager (Molecular Dynamics). The relative intensity of the signals was compared to serial dilutions of lysate derived from plasmid-transfected cells that contained known numbers of IFN-β transgene copies per cell.
Measurements of SIV replication. Anti-SIV antibodies were determined by using an HIV-2 antigen-detection ELISA (ELAVIAII ; Sanofi Diagnostics Pasteur) as reported previously (Le Grand et al., 1994) .
To reveal anti-SIV antibodies, we used a peroxidase-labelled goat antimonkey IgG (Organon Teknika). The ELISA was performed with a plasma dilution of 1 : 100. Titres were determined by reference to a standard titrated positive pool from sera of SIV-infected macaques. The p27 nucleocapsid protein was detected in undiluted plasma by using the Coulter SIV core Ag assay (Retrovirology Coulter Corporation). SIV RNA levels were determined in plasma by using the SIVmac-bDNA assay (Chiron Diagnostics).
IFN titration. In view of the absence of a commercially available ELISA for measuring macaque IFN-β, IFN was measured by its biological activity on human WISH cells with vesicular stomatitis virus (VSV) as the challenge (Matheux et al., 1999) . Before titration, sera were inactivated by exposure to 56 mC for 30 min but, in spite of this, the presence of small amounts of IFN could not be measured in some serum samples due to the toxicity of low serum dilutions (1 : 3, 1 : 6) on WISH cells. Because of the non-specific acid-labile anti-VSV activity present in the serum (Fall et al., 1995) , the IFNs were characterized after acid treatment (pH 2). IFN-α was characterized as acid-stable IFN-α by neutralization with a rabbit antihuman (Hu) IFN-α polyclonal serum that recognized Ma IFN-α and IFN-β by neutralization with a rabbit anti-Hu IFN-β polyclonal serum that cross-reacted with Ma IFN-β.
RT-PCR analysis. Total RNA was extracted by using the TriReagent kit (Sigma) and DNase-treated before synthesizing cDNA using the First Strand cDNA synthesis kit (Pharmacia Biotech). Transcription from the construct was evidenced by using primers absent from the endogenous gene, a sense primer located downstream from the H-2K b promoter and upstream from the IFN-β start codon (5h CTCAGA-AGTCGTGGTCGACT 3h) and an antisense primer located downstream of the IFN-β stop codon (5h ATCAATTCGAGCTCGGTACC 3h), generating a 660 bp fragment (45 cycles). Control glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcripts were amplified with a sense primer located in the second exon (5h ACTGGCGTCTTC-ACCACCATGGA 3h) and an antisense primer in the eighth exon (5h GGTCCACCACCCTGTTGCTGTAGC 3h), generating a 932 bp fragment (30 cycles).
Results

Transduction and infusion of IFN-β-transduced PBL
To transfer the IFN-β gene into PBL from two SIV-negative macaques, we used a retroviral vector containing the macaque IFN-β coding sequence placed under the control of a 0n6 kb fragment of the murine H-2K b gene promoter (Matheux et al., 1999) . After transduction, the lymphocytes were readministered ; 4i10) PBL for animal IFN1 and 6i10) PBL for animal IFN2. Semiquantitative PCR analysis revealed a mean of 0n2 IFN-β transgene copies per infused cell for both macaques. Hence, the estimated numbers of IFN-β-transduced PBL introduced into the animals were 8i10( and 12i10( for macaques IFN1 and IFN2.
In vivo persistence of IFN-β-transduced PBL
After inoculation of IFN-β-transduced cells, PBL samples were drawn at regular intervals for 74 days for PCR analysis. To ensure that the IFN transgene signal did not result from the presence of murine packaging cells, we performed PCR analysis to detect murine DNA sequences. A murine signal was found only the day after infusion in the PBL of one macaque (IFN1). No more murine DNA could be detected thereafter in either macaque and the presence of IFN-β-transduced cells could be demonstrated in both animals ( Fig. 1 d) . The proportion of IFN-β-transduced cells increased in the circulation during the first 2 weeks following infusion, 15-fold in macaque IFN1 and 4-fold in macaque IFN2, reaching a peak of 600 and 6000 transduced cells per 10' PBL for macaques IFN1 and IFN2, respectively. (#) and IFN2 ( ) were studied. The p27 nucleocapsid protein was detected in undiluted plasma by using the Coulter SIV core Ag assay. SIV RNA levels (keq, thousands of RNA equivalents) were determined in plasma by using the SIVmac-bDNA assay.
Thereafter, a mean level of 300 Ma IFN-β-transduced cells per 10' circulating cells was maintained in macaque IFN1 until day 66 whereas, in macaque IFN2, the number of transduced cells, close to 6000 per 10' cells on day 7, declined gradually to reach 200 Ma IFN-β-transduced cells per 10' circulating cells 74 days after infusion.
To investigate the potential side effects of the IFN-β-transduced cells, we followed the behaviour, haematological values and weight of the animals. None of these altered during the 74 days of observation, except for a slight and transient decrease of the leukocyte counts in the peripheral blood which affected the CD4 + and CD8 + lymphocyte populations equally ( Fig. 1 a-c) . Other haematological parameters were not affected. Fig. 3 . Analysis of control and infused macaques after SIV infection. Macaques C1 (>), C2 ($), C3 (), IFN1 (#) and IFN2 ( ) were studied. The p27 nucleocapsid protein was detected in undiluted plasma by using the Coulter SIV core Ag assay. SIV RNA levels were determined in plasma by using the SIVmac-bDNA assay. The proportion of IFN-β-transduced lymphocytes was estimated by semiquantitative PCR, as described in Methods. 
Evolution of the virus parameters
To determine the anti-SIV resistance of the two IFN-β-infused macaques and of the three untreated animals used as controls (C1, C2, C3), they were infected intravenously with SIVmac251 (4 AID &! ). The course of SIV infection was studied by measuring the following virus parameters : plasma p27 antigen, plasma SIV RNA copies and serum antibodies directed against SIV antigens (Fig. 2) . Between days 12 and 17 after infection, the three control macaques developed a peak of p27 antigenaemia, higher for macaque C2 (2n5 ng\ml) and lower for macaques C1 and C3 (0n5 and 0n4 ng\ml), whereas macaques infused with IFN-β-transduced cells maintained a level of p27 antigenaemia below 0n25 ng\ml (Fig. 2 a) . With the more sensitive Chiron b-DNA assay, our results showed that, between days 10 and 25, the peak numbers of plasma SIV RNA copies in control macaques reached values of 5i10) copies\ml for macaque C2, 4n1i10( copies\ml for macaque C1 and 2n7i10( copies\ml for macaque C3, while the peak values measured in the infused macaques were lower, 4n7i10' and 8i10' in macaques IFN2 and IFN1, respectively (Fig. 2 b) . All of the SIV-infected macaques seroconverted within 1 month of SIV inoculation, with anti-SIV antibody titres reaching 5i10% within 2 months of inoculation (Fig. 2 c) .
When the numbers of SIV RNA copies in the plasma were measured during chronic infection (Fig. 3 a) , SIV RNA was detected in two control macaques, amounting to between 10( and 8i10( SIV RNA copies\ml for macaque C2 and between 5i10% and 10& copies\ml for macaque C1. Macaque C2 was moribund on day 380 and was sacrificed. SIV RNA remained undetectable for control animal C3 and the two infused macaques throughout the study (lower limit of detection, 1500 copies\ml).
Evolution of CD4 M and CD8 M cells
For all animals, control and infused, SIV infection led to a decline in the absolute numbers of CD8 + and CD4 + lymphocytes 14 days after SIV challenge (Fig. 3 b, c) and these values returned to normal 30 days after the onset of infection. At 293 days after SIV inoculation, two of the three control animals, C1 and C2, had reduced numbers of circulating CD4 + lymphocytes compared with their baseline. The other control animal, C3, and the two infused animals still have sustained numbers of circulating CD4 + lymphocytes at the time of writing (day 478) (Fig. 3 b) . The number of circulating CD8 + cells of control macaques C1 and C2 declined in the circulation during chronic infection in parallel with the decrease of the number of CD4 + T cells (Fig. 3 c) .
Evolution of IFN-β-transduced cells in peripheral blood
The day after SIV challenge, the numbers of circulating IFN-β-transduced PBL were 150 (IFN1) and 160 (IFN2) per 10' cells. During the first month following SIV inoculation, the level of IFN-β-transduced cells decreased to reach a nadir of 30 IFN-β-transduced PBL per 10' circulating cells 25 days after SIV challenge in macaque IFN1 (Fig. 3 d) . In macaque IFN2, this proportion increased transiently to reach 700 Ma IFN-β-transduced PBL per 10' circulating cells 20 days after SIV inoculation and then decreased to reach a nadir of 160 Ma IFN-β-transduced PBL per 10' circulating cells 5 days later. These proportions increased thereafter to reach 300 (IFN1) and 3000 (IFN2) Ma IFN-β-transduced cells per 10' cells 40 days after SIV infection (Fig. 3 d) .
During the 16-month follow-up following the primary infection, both macaques maintained a level of IFN-β-transduced cells, ranging from 150 to 500 per 10' circulating cells in macaque IFN1 and from 250 to 1000 per 10' circulating cells in macaque IFN2.
Distribution of IFN-β-transduced cells
To follow the distribution of IFN-β-transduced cells among lymph nodes, a biopsy of an inguinal lymph node was obtained from macaque IFN1 the day after infusion, which revealed a concentration of IFN-β-transduced cells similar to that in the circulation (45 per 10' cells). A similar analysis was performed 66 and 478 days after SIV inoculation. In macaque IFN1, on day 66, when the proportion of IFN-β-transduced cells was 360 per 10' cells in the circulation, 10-fold more IFN-β-transduced cells were found among lymph node cells (3500 per 10' cells). In the same animal, 478 days after SIV infection, the proportion of IFN-β-transduced cells was four times higher in the lymph node as compared with the proportion in the peripheral blood, whereas there was no significant difference in the proportion of IFN-β-transduced cells between the lymph node and circulating cells in macaque IFN2 at this time (Table 1) .
The distribution of IFN-β-transduced cells among CD4 + and CD8 + populations was analysed by cell-sorting experiments performed on PBMC obtained from macaque IFN2 on day 50 after infusion, with population purities of 88-99 % (Table 1) . PCR analysis of these sorted cells indicated that most of the transduced circulating lymphocytes in this monkey were of the CD8 + phenotype. Such an analysis was also performed on day 478 after SIV infection on circulating and lymph node cells of both animals. In contrast to the results obtained 50 days after infusion, IFN-β-transduced cells did not consist mainly of the CD8 + phenotype and were equally distributed among CD4 + and CD8 + T cells (Table 1) .
Serum IFN subtypes
During primary infection, a peak of IFN-α production was observed in three macaques, high in macaques C1 and IFN1 (2000 U\ml) and lower in macaque C3 (120 U\ml) (Table 2) . Thereafter, IFN-α could only be detected at a low level (between 60 and 120 U\ml) in some serum samples of macaques C2 and IFN2. When analysing IFN-β production, we observed the presence of IFN-β in some serum samples of the two infused monkeys, ranging from 60 to 120 U\ml, and Table 2 . IFN subtypes present in the sera of control and infused macaques before and after SIV infection IFN was measured as described in Methods. p.i., Post-infection ; , not done ; , not determined due to the toxicity of the serum. lanes 3 and 4, respectively). No IFN-β could be detected at any time in the serum of control macaques C1 and C2. However IFN-β was regularly detected at 60-120 U\ml in the serum of macaque C3. This surprising observation prompted us to look for the possible presence of IFN-β in the sera of all the monkeys before SIV infection. This revealed the presence of IFN-β in the serum of macaque C3 at a level identical to that observed after infection, but not in the sera of the other monkeys. RT-PCR analysis revealed that, in the three control macaques, circulating cells did not produce detectable levels of IFN-β (data not shown).
Discussion
The IFN-β-transduced lymphocytes infused into the two cynomolgus macaques (IFN1 and IFN2) were well tolerated and could still be detected in the circulation 552 days after infusion. After SIVmac251 infection of these infused macaques, virus replication was limited and disease progression was delayed, as opposed to two control, untreated animals. However, in the third control macaque, SIV replication was limited to an extent comparable to the IFN-β-infused macaques ; this animal was characterized by constitutive IFN-β production, already present before SIV infection. The continuous presence of IFN-β in the serum of macaque C3 points to the existence of a site of production releasing this cytokine constantly into the circulation. That no IFN-β mRNA could be detected in the lymphocytes of this macaque is in line with the fact that lymphocytes produce only IFN-α and not IFN-β. In view of the stable level of IFN-β throughout the experiment in the serum of macaque C3, it is rather unlikely that this IFN-β production results from a chronic virus infection, which would give rise to a mixture of IFN-α and -β. Most studies on the cellular sources of IFN-β production have been done in mice and the only cell type in which evidence for constitutive IFN-β production has been reported is the macrophage (De Maeyer & De MaeyerGuignard, 1988 ). There are no data available in the literature concerning the presence of IFN-β in the serum of macaques. In humans, one study reported that no IFN-β was present in the serum of uninfected individuals (1n72p3n48 U\ml, n l 77 ; Minagawa et al., 1989) .
SIV replication was reduced in IFN-β-infused macaques as well as in the control macaque characterized by permanent IFN-β production and these three macaques maintained normal levels of CD4 + and CD8 + T cells during the 478 days of observation, as opposed to the two other control macaques. We are aware that the number of animals used in our study is not sufficient to prove that IFN-β is responsible for this anti-SIV resistance and that several hypotheses such as genetic influences (Michael, 1999) or chemokines controlling infection (Lehner et al., 1996 ; Wang et al., 1998) could be invoked to explain these data, but our results are in line with our hypothesis. The production of IFN-β, directly in the lymph nodes, could enhance the antiviral resistance of the CD4 + T transduced cells directly and, furthermore, could induce a protective bystander effect on neighbouring untransduced cells, as demonstrated in vitro by the protection of neighbouring untransduced cells in culture (Matheux et al., 1999) . Secondly, CD8 + cells are important immune effector cells for the control of early viraemia in primate lentivirus infection, as highlighted by at least two studies (Jin et al., 1999 ; Schmitz et al., 1999) that reported that depletion of CD8 + cells during infection led to uncontrolled viraemia. There is convincing evidence that IFN-β can boost the production and activity of CD8 + memory cells, including cells displaying specific cytotoxic activity against HIV-expressing cells, during primary and chronic HIV infection. In this respect, Tough et al. (1996) have shown that, during the primary response to viruses, type I IFN acts as adjuvant and augments both the intensity of the response and the survival of early memory cells. Furthermore, during chronic infection, the survival of pre-existing memory CD8 + T cells does not require continuous T cell receptor contact with specific antigen but simply intermittent contact with type I IFN released during intercurrent virus infections (Tough et al., 1996) . Recently, Zhang et al. (1998) have demonstrated that this property is mediated by IL-15. IFN-β is not only able to maintain the survival of the memory CD8 + cells, but has been demonstrated to enhance HIV-specific CTL activity mediated by RANTES via the chemokine receptor CCR3 (Hadida et al., 1999) . Finally, IFN-β triggers the release of IFN-γ and IL-12, essential for controlling HIV replication (Clerici & Shearer, 1994 ; Vieillard et al., 1997) . We have therefore transduced both CD4 + and CD8 + cells, because of the benefits provided by the presence of the transgene in both cell types.
Because of the well-known inhibitory effects of IFN on cell proliferation and haematopoiesis, as reviewed in De Maeyer & De Maeyer (1988), we looked into the possible effects of the presence of IFN-β-transduced cells. We have assessed previously that macaque lymphocytes that constitutively express small amounts of IFN-β in vitro (3-10 U IFN-β per 10% cells per 2 days) were not impaired in their proliferative potential and replicated to the same extent as untransduced lymphocytes (Matheux et al., 1999) . Furthermore, the control macaque C3, characterized by the presence of about 100 U\ml IFN-β in the circulation, did not display any impairment of haematological values before SIV infection, indicating that this level of IFN-β production is compatible with normal haematopoiesis.
In summary, of the five infected macaques, the three characterized by continuous IFN-β production (IFN1, IFN2 and C3) were more resistant to SIV infection. We are well aware that the number of animals used and the number of transduced lymphocytes were low and believe that further exploration of an IFN-β-based anti-HIV gene therapy is warranted before reaching definite conclusions. To this purpose, we are currently directing our efforts towards the construction of high-titre vectors, with the aim of increasing the proportion of vectortransduced HIV target cells.
